This study aimed to measure the effect of roasting time on physicochemical properties and volatile compounds of unfermented cocoa liquor roasted with an oil bath method. Physicochemical properties (pH, temperature, and color), flavor, and volatile compounds were analyzed. The results showed that the longer the roasting time the higher the unfermented cocoa liquor's temperature, °Hue, and ΔE value, but lower pH and L value. There were 126 volatile compounds obtained by various roasting time, identified as pyrazines (12), aldehydes (16), esters (1), alcohols (31), acids (15), hydrocarbons (11), ketones (19), and others (21). At 15, 20, and 25 minutes of roasting time, 69, 74, and 67 volatile compounds, respectively, were identified. Volatile compounds' profiles were indicated to be strongly influenced by roasting time. The largest area and highest number of compounds, such as pyrazines and aldehydes, were obtained at 20 minutes, which was also the only time the esters were identified. As well as the time showed a very strong flavor described by panelists.
INTRODUCTION
Cocoa is the main raw material of chocolate products whose popularity in the world relies to its distinctive flavor. The flavor precursor formation occurs during the fermentation process (Camu et al., 2008) , but in Indonesia cocoa beans produced are dominated by the unfermented cocoa beans with a range of about 93% (Pusdatin, 2013) . It has advantages as antioxidants source due to the high content of polyphenols as much as 12-18% in dry beans (Ioannou et al., 2012) . Due to its potential becoming a health beneficial product and its equal flavor to fermented cocoa, unfermented cocoa needs to be developed. The flavor development of cocoa beans was done during roasting. Conventional roasting on beans is widely used, but the results are inconsistent due to diverse beans size for the reaction to proceeds well (Misnawi et al., 2005) . Therefore beans size should be uniform, liquor form with a smaller size affected the temperature so that it can be affected directly the intensity of the Maillard reaction that occurs during roasting, a reaction between reducing sugars and amino acids generating chocolate flavor components, such as pyrazines, alcohols, esters, aldehydes, ketones, furans, thiazoles, pyrones, acid, amine, oxazoles, pyroles and ether (Jinap et al., 1998; Nazaruddin et al., 2006; Noor-Soffalina et al., 2009 ). An alternative solution is the roasting of cocoa bean into liquor form using oil bath method. The method can be considered to optimize the roasting process since the heat transfer among liquor becomes more optimal and the reaction rate is under control. The reaction rate is strongly influenced by roasting temperature and time, these two parameters must be well determined.
In conventional roasting, three degrees of roasting are usually applied on beans. The roasting degree of cocoa beans varies depending on the applied of the end product (Afoakwa, 2010) . Cocoa bean roasted at low degree (110 °C for 60 minutes), medium (140 °C for 40 minutes) and high (190 °C for 15 minutes) (Utami et al., 2017) . However, optimum roasting time of cocoa liquor in oil bath roasting is still unknown. Therefore, the effect of roasting time on physicochemical cocoa liquor roasted by oil bath method was observed. Roasting in liquor form allows more homogenous distribution of flavor precursor interactions and ease connection between flavor compounds due to the reduction of size differences among beans. Various reports on flavor compounds of fermented cocoa beans have been published, but not of those of unfermented cocoa beans (Afoakwa, 2010; Bonvehí, 2005; Climaco Alvarez, 2016; Farah & Zaibunnisa, 2012; Wiesława Krysiak, et al., 2013; Rodriguez-Campos et al., 2012) . Accordingly, this study was also aimed to identify volatile compounds of unfermented cocoa liquor obtained by various oil bath roasting times.
METHODS
The materials used in this study were the unfermented dry cocoa beans obtained from a plantation in Gunung Kidul, Yogyakarta, Indonesia. Cooking oil (Sania) was bought at the supermarket and cocoa butter was obtained from Indonesian Coffee and Cocoa Research Institute (ICCRI). The instruments used in this research were a vessel (Shuma Stainless steel), deep fryer, pH meter (pH HM 30 G), thermocouple type K, spectrophotometer (Spectronic 200 Thermo Scientific), chromameter (Konica Minolta CR 400 Osaka Japan), a set of the sensory analyzer, and SPME-GC/MS (Agilent Technologies 6890N-5793 Network GC-MS system (Agilent Technologies, Santa Clara, CA, USA).
Sample Preparation and Oil Bath Roasting
Unfermented dry cocoa beans were peeled, and then the nibs were milled using a meat grinder (in/out process 22 times) to obtain unroasted cocoa liquor (50-70 µm). Six liters of cooking oil, as the medium of heat transfer, was poured into the roaster. The stainless steel container as a roaster vessel was placed into the roaster which has been filled with cooking oil so that the roaster vessel sinks slightly in the cooking oil. After that, the roaster temperature was set to 170 °C, and then 2.6 g of cocoa butter was added into the roaster vessel until it melted. After that 100 g of unroasted cocoa liquor was put into cocoa butter system while stirring using a hand mixer in 5, 10, 15, 20 and 25 minutes. Roasting was done triplicate for each roasting times. pH and Temperature Measurement pH was determined according to Indonesia National Standard (SNI, 2008) , while temperature during roasting was measured by thermocouple (type K).
Browning Intensity
Browning intensity of unfermented cocoa liquor roasted was determined using the method of Supriyanto&Marseno (2010) with slight modifications. Fifty milligrams of unfermented cocoa liquor roasted and 50 ml of ethanol 50% were added to erlenmeyer with lid, then dissolved by sonicator at room temperature, and then filtered with whatman filter paper No 1. The filtrate obtained was read by UV Vis spectrophotometer at 420 nm.
Color
Color of unfermented cocoa liquor roasted was determined using the method of Supriyanto et al. (2014) . The color was expressed in L*, L* expresses luminance and changes from 0 for black to 100 for white. o Hue = arctan (b*/a*) a* (negative values indicate green and positive values indicate red), b* (negative values indicates blue and positive values indicate yellow). Remarkable °Hue values are: 0 o (red), 270° (or -90°, blue), 90° (yellow), 45° (orange) and 180 ° (green). The colorimetric difference ΔE was obtained through the equation: ΔE = . Measurement of color per samples was repeated by five readings. Each of the treatment was measured in triplicate.
Sensory Analysis
Sensory analysis was conducted by 20 semitrained panelists with flavor as the tested parameter, using a scoring test with interval score 1 (very weak) up to 5 (very strong). The odor description of strong is distinctive of chocolate flavor notes. Among five roasting times, three periods showed strong to very strong scores were selected for volatile compound profile identification.
Volatile Compound Profiles
Static headspace isolation of volatile compounds was performed using solid phase micro extraction (SPME) for 45 min at 55 °C onto a polydimethylsiloxanedivinylbenzene, 65 µm fiber (Supelco, Bellefonte, PA, USA). Approximately 5 g cocoa liquor was previously heated to 55 °C and intermittently stirred for 45 min for headspace equilibration. Each experiment had control sample made by stirring an empty vial under the same conditions. Volatile compounds were desorbed (5 min) into the split less injector (250 °C) of GC Agilent 7890A and MS 5795C with triple axis detector (Agilent Technologies, Santa Clara, CA, USA) and separated on a J&W 60 m DB-Wax capillary column (0.22 mm id., 0.25 µm film thickness). Carrier gas was hydrogen with 1.8ml/min flow rate. The temperature program was: at 40 °C; 5 °C min -1 to 200 °C for 15 min. Compounds were fragmented using electron-impact ionization (70 eV), with source temperature of 230 °C, scan range of 33-550 amu and scan rate of 2 s -1 . Components were identified based on comparison of mass spectra with those of spectral libraries NIST 05 and Wiley 7N Registry of GC Mass Spectral Database (John Wiley, New York, USA) (Afoakwa et al., 2009) .
Statistical Analysis
Results in tables and figures are presented as mean ± standard deviation of analyses done in triplicate. Physicochemical data obtained were tabulated and analyzed using variance analysis (ANOVA). Differences among samples would be tested using Least Significant Different (LSD) with the significance level set at α = 0.05.
RESULT AND DISCUSSION

Physicochemical Characteristics on Unfermented Cocoa Liquor
One of the basic technological operation in cocoa bean processing affecting the quality of cocoa derivative products is roasting (Oracz & Nebesny, 2014) . It determines the character of the chemical and physical processes that occurred inside the beans, and the final products quality (Wieslawa Krysiak & Motyl-Patelska, 2006) . Roasting process which highly influenced by the roasting time causes physicochemical changes such as temperature, pH, color and flavor. Table 1 showed that the longer the roasting time the higher cocoa liquor temperature, with the highest was obtained at 25 minutes as influenced by heat energy from the roaster. Increasing heat energy with longer roasting time caused heat transfer from cocoa liquor system to its surface, led to higher temperature, which generally increased the rate of Maillard reaction (Durmaz & Gökmen, 2010) . High temperatures were ideal for Maillard reactions, the reaction occurred at 80-160 °C (Fennema, 2007) . In this study, it showed by the final temperature measurement during roasting cocoa liquor using the oil bath methods at 115.5-143 °C.
High roasting temperature decreases acidity, especially the volatile acids with low boiling point, such as acetic acid, thus cocoa beans became less acidic (Afoakwa et al., 2009; Frauendorfer & Schieberle, 2008) . Longer roasting time also led to lower pH with range of 6.5 to 6.0, closely related to volatile and non-volatile organic acid contents. Lower acidity was probably caused organic acids breakdown, especially the nonvolatiles. As mentioned by Afoakwa et al. (2009) , volatile acids evaporation during roasting might reduce acidity, sourness, and bitterness of cocoa beans.
Roasting time also affected cocoa beans color as interpreted by the value of L, °Hue and ΔE. The table 1 showed that longer roasting time reduced L value. The decline indicated darker color of roasted cocoa liquor. In addition, browning intensity value was also increased with longer roasting time, which was probably due to the increase in brown pigment formation from Maillard reactions (melanoidins), thermal oxidation and polymerization of polyphenols to form tannins and strecker degradation reactions during roasting (Wiesława Krysiak et al., 2013; Patras et al., 2010) "container-title":"Journal of Food Quality","page":"21-31","volume":"36","issue":"1","sou rce":"Wiley Online Library","abstract":"The cacao bean of the Ivory Coast variety was convectionally roasted. The influence of parameters of air (temperature from the scope T = 110-150C, the speed of its flow v = 0.5 and 1.0 m/s, and the relative humidity = 0.3-0.8% or 2 and 5.0%. Several components might significantly affect colors, such as polyphenols, anthocyanins, and proteins that easily form colloid and generally contain reducing groups causing red to blue appearance. Other important component affected roasted cocoa liquor was °Hue, the degree of color combinations of yellow (a) and red (b) from the Hunter system. Results also showed that longer roasting time led to higher °Hue. Roasting time greatly induced color change, seen from higher ΔE value with the longer roasting time at the range of 1.45 to 7.53.
Increasing temperature, pH decrease, and color changes with longer roasting time contributed to cocoa liquor flavor. Flavors in cocoa were the result of complex reactions of amino acids, peptides and sugars and possible involvement of flavonoid during roasting. The results showed that panelist description on unfermented cocoa liquor roasted flavor ranging from 2.4 to 3.45, indicated that the flavor was a weak until highly strong. The highest value was obtained by 20 minutes roasting, while those obtained at 5 minutes as the lowest. In general, the longer roasting time the higher the flavor of unfermented cocoa liquor roasted, as indicated by higher value of panelist description. As mentioned by Fisher & Scott (1997) , several flavor reactions and protein deamination products including empyreumatic compounds will increase with the higher temperature received by the material through Maillard reaction. Among several flavors component formed by the reaction, heterocyclic compound has the most significant contribution, such as furan, triazole, oxazoles, pyrrole, pyridine, and alkylpyrazine (Bonvehí, 2005) .
Volatile Compounds Profile
Volatile compound identification was performed using solid phase micro extraction (SPME) GC-MS. This study used unfermented cocoa beans roasted in liquor form at various roasting time using oil bath method. The results showed 126 volatile compounds on unfermented cocoa liquor obtained by various roasting time, consisted of pyrazines (12), aldehydes (16), ester (1), alcohols (31), acids (15), hydrocarbons (11), ketones (19), and others (21). On the other hand, Jinap et al. (1998) found 48 volatile compounds on fermented cocoa bean using oven (conventional). These results indicate that the number of volatile compounds on liquor roasting using the oil bath method was higher than bean roasting using conventional methods. Among several flavors compound formed by Maillard reaction, heterocyclic compounds had the highest contribution to cocoa flavor compounds, including furans, triazoles, oxazoles, pyrrole, pyridine, and alkylpyrazine (Serra Bonvehí&Ventura Coll, 2002; Ziegleder, 2009 ).
In respective roasting times of 15, 20 and 25 minutes, 69, 74 and 67 volatile compounds were identified. At 15 minute roasting, pyrazines (10), aldehydes (9), alcohols (16), hydrocarbons (5), acids (10), ketones (8) and others (11) were found, while after 20 minutes, pyrazines (12), aldehyde (12), ester (1), alcohols (13), hydrocarbons (6), acids (9), ketones (13) and others (8) were found. Similarly, 25 minutes roasting generated pyrazines (9), aldehydes (6), alcohols (16), hydrocarbons (6), acids (13), ketones (12) and others (5). The longer the roasting time the higher the number of volatile compounds, but decreased at 25-minutes-roasting. This result closely related to kinetics the formation of the Maillard reaction flavor compounds with the longer roasting time. This is also to the effect of higher temperatures which affect the intensity of the Maillard reaction. However, the decrease of the volatile compounds at 25 minutes roasting showed that the volatile flavor compounds polymerized formed melanoidin compounds in the final stage of the Maillard reaction (Jousse et al., 2002; Van Boekel et al., 2006) . The results of unfermented cocoa liquor volatile compounds were presented in unit area and odor description of each compounds (Table 2) . 39 heterocyclic compounds had the highest contribution to cocoa flavor compounds, including furans, triazoles, oxazoles, pyrrole, pyridine, and alkylpyrazine (Serra liquor volatile compounds were presented in unit area and odor description of each compounds (Table 2) . 39 heterocyclic compounds had the highest contribution to cocoa flavor compounds, including furans, triazoles, oxazoles, pyrrole, pyridine, and alkylpyrazine (Serra liquor volatile compounds were presented in unit area and odor description of each compounds (Table 2) . heterocyclic compounds had the highest contribution to cocoa flavor compounds, including furans, triazoles, oxazoles, pyrrole, pyridine, and alkylpyrazine (Serra liquor volatile compounds were presented in unit area and odor description of each compounds (Table 2) . *Source : (Anonymous, 2016) 39 heterocyclic compounds had the highest contribution to cocoa flavor compounds, including furans, triazoles, oxazoles, pyrrole, pyridine, and alkylpyrazine (Serra liquor volatile compounds were presented in unit area and odor description of each compounds (Table 2) . 
Pyrazines
Pyrazines are those of the most important volatile compounds in roasted cocoa, represent about 40% for flavor (Aculey et al., 2010; Owusu et al., 2012) . Pyrazines formation occurs through Maillard reaction. The numbers of pyrazines at15, 20 and 25 minutes roasting were 10, 12 and 9 respectively. Between 15 to 20 minutes, pyrazines were increased as its formation demands great activation energy, longer roasting time followed cocoa liquor temperature increase led to higher number of pyrazine in the presence of tetramethylpyrazines precursors i.e diacetyl and acetoin (Hashim et al., 1999) . However, the majority of pyrazines were originated from the strecker degradation during Maillard reactions.
Our study showed that 2-acetyl-3-methylpirazine and pyrazine,2-ethyl-5-methyl responsible for nutty flavor were found only at 20 minutes, during which highest compounds number and unit area were also obtained, and not detected at 15 and 25 minutes. The highest unit area was found on 2.5-dymethyl-pyrazine generated nutty, peanut, musty, earthy, powdery, and slighty roasted cocoa powder nuance odor. These findings were in agreement with Jinap et al. (1998) reported that 2.5 dimethyl pyrazine had relatively high unit area.
Esters
Esters were the second largest group of volatile compounds after pyrazines (Afoakwa et al., 2009; Jinap et al., 1998) . Most esters characteristically produce fruity/flowery and honey flavor notes (Aculey et al., 2010; Owusu et al., 2012) . Jinap et al. (1998) previously reported that unit area of esters will increase on all of roasting time even at low temperatures, but the result of this study showed that the esters can only be identified at 20 minutes in form of acetic acid, 2-phenylethyl ester. Jinap et al. (1998) also mentioned that2-Phenylethylacetate is responsible for Asia cocoa liquor characteristic aroma with flowery and honey notes. Rodriguez-Campos et al. (2012) mentioned that 2-phenylethyl acetate and ethylphenyl acetate in high concentrations were advantageous on cocoa aroma characteristics correlated to them.
The highest concentration of these compounds was found at 6 and 8 fermentation days. A study by Frauendorfer&Schieberle (2008) mentioned that yeast metabolism can result in esters during fermentation. Whereas in this study, ester in roasted cocoa liquor was obtained from unfermented cocoa beans.
Aldehydes
Aldehyde is one of flavor compounds commonly found various products and often used as food flavoring.
Resulted from degradation of unsaturated fatty acids in cocoa fat during roasting process, aldehyde has bitter and almond-like characteristic (Belitz et al., 2001) . The results showed that the highest area was obtained by 3-methyl butanal responsible for ethereal aldehydic, chocolate, peach, and fatty flavor notes. The compound is an important flavor of cocoa similar to pyrazine formed by strecker degradation of amino acids (Frauendorfer & Schieberle, 2006) . Jinap (1994) also mentioned that 3-methyl-butanal could be produced from precursors such as isoleucine and leucine, by lactic acid bacteria during fermentation. In unroasted and roasted cocoa, the compound yield smalty and chocolate flavor notes (Frauendorfer & Schieberle, 2008; Schnermann & Schieberle, 1997) . At 15 and 20 minutes roasting, other aldehyde with caramel flavor notes, such as furfural, was also identified. In general, there were 9, 12 and 6 aldehyde compounds found at 15, 20 and 25 minutes roasting, respectively. The highest number of compounds was identified at 20 minutes. These compounds affected roasted cocoa liquor flavor by producing fruity and flowery notes.
Alcohols
Alcohol fermentation generated compound attached in dry cocoa beans and cocoa fat. Alcohol produces sweet, fruity, alcoholic, balsamic, and green flavor notes depending on the molecular structure. High alcohol content generates desirable flowery and candy flavor notes (Aculey et al., 2010; Frauendorfer & Schieberle, 2008) , and also responsible for the fruity, floral, caramel-like, sweet, and honey flavor notes (Afoakwa et al., 2009) . During roasting, alcohol would be reduced due to volatilization or destruction. The result showed that the highest area was in 15-minutes-roasting, while the highest compound was 2,3-butanediol. It produced fruity, creamy, and buttery flavor notes. Several compounds with fruity flavor, such as phenylethyl alcohol, were also found in all roasting time. However, the highest unit area was in 20 minutes. Jinap et al. (1998) mentioned that benzylalcohol responsible for flowery flavor notes was identified at 20 and 25 minutes roasting. Generally, at 15, 20 and 25 minutes roasting generated 16, 13, and 16 compounds, respectively.
Acids
The results showed that the numbers of acids found at 15, 20 and 25 minutes roasting were 8, 10, and 10 respectively ( Table 2) . Acetic acid had the highest area at 15 minutes roasting, a compound causing acidity in chocolate, produced desirable sharp pungent odor of vinegar sour flavor notes. Frauendorfer&Schieberle, (2008) reported that 70% of acetic acid was removed during roasting. It was indicated that longer roasting time led to lower area unit, represented decreasing concentration of the compound. Organic acids increasing concentration was the result of cocoa pulp sugar metabolisms (Bonvehí, 2005) . Other compound, such as 3-methyl butanoic acid, predominantly found at 20 and 25 minutes roasting. Those two were part of 35 most active flavor compounds cocoa. The presence of the compounds proved that carboxylic acid groups had an impact on cocoa flavor formation (Frauendorfer & Schieberle, 2006) .
Hydrocarbons
Unsaturated hydrocarbons were important compounds played major role in foods flavor formation. This study found 5, 7, and 6 hydrocarbon compound at 15, 20 and 25 minutes roasting, respectively, with β-myrcene to have the highest area at 15 and 25 minutes. Other compound which only found at 20 minutes, β-pinene, responsible for cooling, woody, pine, terpenic, fresh, minty, eucalyptus, camphoreous, spicy, peppery and nutmeg flavor notes, was identified to have high unit area. In addition, there were also several other compounds found only in 20 minutes i.e. eicosane, nonane, 2-methyl-5-propyl-, and cis-β-Ocimene. Generally, the highest area and most of hydrocarbons were identified at 20-minutes-roasting.
Ketones
Ketones were responsible for buttery flavor notes, with the highest area obtained by 2-heptanone at 25-minutes-roasting. It produced cheesy, fruity, coconut, waxy and green flavor notes. The compounds were identified to have higher area with longer roasting time, indicated higher produced compound concentration. Several other compounds responsible for sweet and almond flavor notes were acetophenone, while2-Nonanone produced buttery flavor notes. Overall, the longer the roasting times the higher the number of produced compounds.
Others
During the roasting, from the seven compound group classifications, there were several other produced compounds affected roasted unfermented cocoa liquor flavor. Some caramel producing compounds from maltol and 2-Acetyl-1H-Pyrrole were identified only in 20 minutes roasting time. The later was produced from proline by streker degradation during the Maillard reaction as mentioned in previous research (Afoakwa et al., 2009) . At 25 minutes, phenol-2-methyl produced during drying was also identified. This compound was associated with undesirable smoky and roasted cocoa flavor notes (Jinap et al., 1998; Serra Bonvehí & Ventura Coll, 1998) .
CONCLUSIONS
The roasting times affects the physicochemical characteristics (temperature, pH and color) of unfermented cocoa liquor roasted. The results showed that the longer the roasting time, the higher the temperature, °Hue and ΔE value, but the lower of pH and L value of cocoa liquor roasting. Identified flavor compounds profile was strongly influenced by roasting time. The highest area and number of compound such as pirazine and aldehydes were obtained at 20 minutes. Even, the esters were only identified on this time. These result also confirmed the sensory analysis from the panelists, which showed that a very strong flavor was produced at 20-minutes-roasting. Therefore, unfermented cocoa liquor using oil bath method needs to consider the roasting time to produce high-flavor compounds.
